1. Introduction {#sec1}
===============

The fast growth of electronic devices is the urgent need for compact modern cooling technology to provide better performance with reliable operations. The high power consumption and lesser life are the challenging issues of electronic components. Several methods of electronic cooling technology are being proposed by the researchers. Showing interest in electronics cooling is one among them. Many researchers have studied the effect of a different combination of nanofluids to improve the cooling performance in the electronic devices. Tuckerman [@bib1] investigated the electronic cooling in integrated circuits. They suggested that enhanced heat dissipation by using microscopic channel heat sinks is due to the power density of 790 W/cm^2^ heat flux.

Wei and Joshi [@bib2] found that a reduction in thermal resistance is achieved by optimizing the channel configuration such as aspect ratio, fin thickness and a ratio of channel width to fin thickness. Many techniques are being used for electronic cooling, particularly by making the coolant as jet and bombarding on the device to be cooled and also doing continuous evaporation and condensation to absorb and reject the heat \[[@bib3], [@bib4]\]. Many researchers have developed such techniques by inserting fins to effectively dissipate heat \[[@bib5], [@bib6], [@bib7]\]. In general, the traditional electronic cooling systems supply the coolant by using a circulating mechanical pump. But, these systems are of bulky mass, consume more power and they provide uncertain measurements. Jajja et al. [@bib8]investigated the thermal management of higher heat generation in microprocessors with five different heat sinks and by varying fin spacing in the order of 0.2 mm, 0.5 mm, 1.0 mm, and 1.5 mm in a flat plate heat sink. They found that the base temperature and thermal resistance of the heat sinks are dropped by reducing the fin spacing and by increasing the volume flow rate of circulating coolant through the heat sink.

Toh et al. [@bib9]numerically investigated the cooling behaviour of an electronic device. They investigated the laminar flow condition and used finite volume method for solving the heat transfer equation. It was found that the viscosity and friction losses are reduced by increasing the temperature at the given Reynolds number. Tiselj et al. [@bib10] investigated the role of conduction heat transfer in a heat sink. They proposed that the coolant and surface wall shows a nonlinear response across heat transfer.

Xie et al. \[[@bib11], [@bib12]\] worked on the straight microchannel heat sink using water as coolant and investigated the heat transfer behaviour. Cova et al. [@bib13] studied the cooling effect of power converters which handles water as coolant in the heatsink. Conrad et al. [@bib14] observed the performance of a heat sink with pin fin on the chip. They studied the thermal behaviour was studied when the heatsink structure has physical contact with the coolant. The higher cooling demand made the development of an alternate method to enhance the thermal conductivity of a fluid by suspending the nano-sized particles in the range of 1--100nm in the base fluids. Choi of USA suggested the unique heat transfer fluids which consist of added nanoparticles in the base fluids [@bib15]. The works on nanofluids are intense now to prove the potential benefits of applicability \[[@bib16], [@bib17], [@bib18]\].

Sajid et al. [@bib19]studied the thermal conductivity of hybrid nanofluids by considering the factors like nanoparticles materials, adding the amount of more of nanoparticles, types of base fluid, size of nanoparticle, temperature, and addition of surfactant, pH level and sonicating time. They also reviewed the research work on thermal conductivity of hybrid nanofluids experimentally, numerically and the work using soft computing tools (Artificial Neural Networking) to assess the applicability of nanofluids as coolant. Ali et al. [@bib20]critically reviewed the techniques for preparing nanofluids and their physical properties such as thermal conductivity and viscosity. They analysed and concluded the cost of preparing nanofluids, nanoparticles settlement, surface tension, the environmental and social impact of using nanofluids, erosion of heat transfer surfaces are the major issues in using nanofluids. Moreover, use of surfactant improves the stability of nanofluids when compared with nanofluids without surfactant.

Sajid et al. [@bib21] reviewed the heat transfer applications of nanofluids and the effects of nanoparticles concentration, size, shape, and nanofluid flow rate on Nusselt number, heat transfer coefficient, thermal conductivity, thermal resistance, friction factor and pressure drop. They reviewed the application of nanofluids in radiators, circular tube heat exchangers, plate heat exchangers, shell and tube heat exchangers and heat sinks. They also reviewed the various theoretical correlations for experimental validation and suggested the pros and cons of applying nanofluids in thermal devices.

Chein and Huang [@bib22]observed the functional behaviour of electronic compounds when using nanofluids and found a greater cooling effect. Nassan et al. [@bib23] carried out an experimentally study on the contribution of Al~2~O~3~/water and CuO/water nanofluids to the enhancement of heat transfer in a square cross-section cupric duct under the constant heat flux condition. They suggested the CuO/water nanofluid results higher convective heat transfer coefficient in comparison to Al~2~O~3~/water nanofluid. Rostamani et al. [@bib24] experimentally studied the turbulent flow condition of alumina (Al~2~O~3~), copper oxide (CuO), and titanium oxide (TiO~2~) nanofluids with different volume concentrations flowing through a two-dimensional duct. They observed that the heat transfer rate of nanofluids depends on the particles volume concentrations.

Heris et al. [@bib25]carried out an experimental study on convective heat transfer through circular tube under laminar flow and constant wall temperature boundary condition. The results showed that the heat transfer coefficient of CuO and Al~2~O~3~, nanofluids enhances with increasing nanoparticles concentrations as well as by increasing the Peclet number. Similarly, Heris et al. [@bib26]also investigated the heat transfer characteristics of turbine oil-based CuO, TiO~2~, and, Al~2~O~3~ nanofluids in a circular tube. They suggested that the highest Nusselt number ratios at 0.50 % volume concentration of TiO~2~/turbine oil, Al~2~O~3~/turbine oil nanofluids and the Reynolds number value of 800 are 1.38, 1.31, and 1.15, respectively. They found that the performance index of all the nanofluids under consideration is more than one. Finally, they concluded that the turbine oil base nanofluids results more heat transfer.

Khan et al. [@bib27] investigated the energy efficiencies of solar parabolic dish system for power generation with the nanofluids such as Al~2~O~3~, CuO and TiO~2..~ They reported that the Al~2~O~3~oil based nanofluid gives 33.73% overall energy and 36.27%, exergy efficiencies. They interpreted that this is 0.27% higher than the TiO2/oil nanofluid and 0.91% higher than CuO/oil based nanofluid. They also reported the receiver\'s tube convective heat transfer coefficient is improved by adding more amount of nanoparticles. Al-Rashed et al. [@bib28] investigated the cooling effect of central processing unit using nanofluids by both experimentally and numerically.

Siddiquiet al. [@bib29] examined the role of Al~2~O~3~ and Cu nanofluids at the 0.251% and 0.11% volume concentrations in a flat plate heat sink used to cool the microprocessor. They studied that the Al~2~O~3~/water nanofluid gives greater heat transfer rate than the Cu/water nanofluid at low Reynolds number. However, the Cu/water nanofluids results more effectively at high Reynolds number. Ali et al. [@bib30]reported the ZnO/water nanofluids at the volumetric concentrations of 0.01%, 0.08%, 0.2% and 0.3% enhances the heat transfer performance of a car radiator. They found that the considerable increase in heat transfer because of the use of ZnO/water nanofluids when compared with the base fluids.

Similarly, Ali et al. [@bib31] applied the MgO/nanofluids in a car radiator to analyse the thermal performances at different flow rates and various volumetric concentrations. They observed that the 0.12% volume concentration nanofluids offers 31% heat transfer enhancement when compared with water. They also examined the effect of increasing the temperature of nanofluids by 8 °C gives 6% heat transfer enhancement. They further reported that the stability of nanofluids is the challenge for applying nanofluids.

Arshad et al. [@bib32] studied the thermal and hydrodynamic performance of distilled water and graphene nanoplatelets (GNPs) nanofluid in an integral fin heat sink. They presented that the nanofluids results in desirable thermal performances than the water. Ali et al. [@bib33] experimentally studied the effect of pin fin angle of heat sink channel on convective heat transfer coefficient and thermal resistance with graphene nanoplatelets (GNPs)/water nanofluids as coolant at the flow rate range of 0.25--0.75 L per minute. They found the thermal reductions are 22.17%, 18.28% and 14.60% for 22.5°, 45° and 90° heat sink angles respectively.

Ghasemi et al. [@bib34] investigated the heat dissipation behaviours of electronic cooling devices with different shapes by using CuO/water nanofluids and with the Computational Fluid Dynamics (CFD) simulations. Similarly, Ghasemi et al. [@bib35] observed the thermal performance of electronic cooling devices with different heat transfer surface. They concluded that the thermal resistance of the heat sink decreases when the volume fraction of nanoparticles is increased. Jajja et al. [@bib36]investigated the base temperature of micro channel heat sink by using multi walled carbon nanotube nanofluid and by varying the fin spacing of (0.2 mm, 0.5 mm, 1.0 mm, and 1.5 mm). They found that the reduction of spacing of and using nanofluids fin improves the heat transfer coefficient up to 15% and the thermal resistance reduces.

Raisi et al. [@bib37]numerically investigated the heat flow characteristics of the microchannel by using Cu--water based nanofluids. They found that the heat transfer coefficient is considerably changed with the change in particle volume concentrcation at the maximum Reynolds number. Prasher and Chang [@bib38] studied experimentally the effect of reducing channel widths above a hotspot with a heat flux of 1250 W/cm^2^. Their results demonstrated that a lower thermal resistance is achieved by narrowing the channel above the hotspot.

Ghasemi et al. [@bib39]observed that the heat transfer coefficient increases with an increase in volume concentration of nanoparticles and suggested that this is due to addition of more numbers of nanoparticles in the nanofluid which yields to an increase in thermal conductivity than the water. Kumar et al. [@bib40] observed the random movement of nanoparticles contributes to the enhanced heat transfer coefficient. They also observed that the friction factor increases over particle volume concentration and this is due to increased nanofluid viscosity while increasing particle volume concentration.

Heris et al. [@bib41]experimentally investigated the inclination angle of the cavity in the order of angles 0°, 45° and 90° with respect to the horizontal position. They employed the three Al~2~O~3~, TiO~2~, and CuO turbine oil (TO) based nanofluids at the weight concentration of 0.2%, 0.5%, and 0.8%. They found that TiO~2~/water nanofluids at 0.8% and at 90° inclination gives the maximum Nusselt number. In addition, Heris et al. [@bib42]reported the effect of applying an electric field on the performance of a two-phase flow closed thermosiphon handling CuO/water nanofluid and the evaporator section filled with 40% of target fluid. They found that and applying an electric field on nanofluid increases the thermal efficiency up to 30% as compared with pure water.

Sheikholeslami [@bib43] studied the role of magnetic field on CuO--H~2~O nanofluid flow inside a porous channel and simulated the flow by means of Lattice Boltzmann method. The results demonstrated that convective mode progresses with increase of Darcy number (*Da*) and Reynolds number (*Re)*. Sheikholeslami [@bib44] also investigated that CuO nanoparticles with various shapes of nanoparticles into the base fluid to augment conduction mode. The results demonstrated that the maximum rate of solidification can be obtained for Platelet shape nanoparticles. Mehrjou et al. [@bib45]experimentally analysed the convective heat transfer of CuO/water nanofluid in a square cross-section duct under turbulent flow condition. They noticed that the heat transfer coefficient and Nusselt number are improved by increasing the nanoparticles concentrations and the Peclet number. They also reported that the heat transfer rates in the triangle, square, and rectangle shape is smaller than the circular tubes.

In addition, Arshad et al. [@bib46]experimentally investigated the heat transfer and pressure drop characteristic associated with minichannel heat sink. They found that pressure drop increases with the decrease of heating power and this is significant for TiO~2~nanofluid as compared to distilled water due to viscosity variation with temperature. Heris et al. [@bib47]numerically examined the laminar flow-forced convective heat transfer of Al~2~O~3~/water nanofluid in a triangular duct under constant wall temperature condition. They reported that the numerical solutions show that the Nusselt number increases by increasing decreasing the size of the nanoparticles at a fixed concentration and increasing the nanoparticles concentration by fixing the size of the nanoparticles.

It is clear from the literature that, little work has been done on the cooler heatsink with a channel by using CuO/water nanofluid to dissipate heat. In this paper, heat transfer analysis on channel heat sink with CuO/water nanofluids is carried out numerically with the objectives of using CuO/water nanofluid as coolant on heat transfer coefficient, Nusselt number, reliability, and power consumption of semiconductor.

2. Methodology {#sec2}
==============

2.1. Mathematical modelling {#sec2.1}
---------------------------

### 2.1.1. Description {#sec2.1.1}

The schematic diagram of heatsink with the channel is shown in [Fig. 1](#fig1){ref-type="fig"}. The heat sinks are designed with a channel to extract more heat from the semiconductor surface. The channel heatsink has an inlet and outlet with a hydraulic diameter of 0.0022m.The length of the single channel is 30mm, inlet and outlet diameter of a channel are 2.5mm, while the total dimensions of the heatsink are 50 mm × 75 mm with a wall thickness of 1.5mm. The channel is filled with CuO-water nanofluid having nanoparticles volume concentration of 0.25, 0.5 and 0.75% as coolant. The bottom wall of the heatsink is getting heated by a uniform generation of heat flux 60W/cm^2^.Fig. 1Schemmatic Diagram of channel heat sink with semiconductor, (a) top view, (b) side view.Fig. 1

### 2.1.2. Boundary conditions {#sec2.1.2}

The boundary conditions are given, as contributions for the model, in ANSYS -- CFD simulation. The flow of fluid depends on laminar and the analogous boundary conditions for the channel heat sink are given below. The coolant is utilized in this numerical calculation through the inlet is water, and CuO/water nanofluid and its relating thermo-physical properties are revealed in [Table 1](#tbl1){ref-type="table"}.Table 1Thermo-physical properties of water and CuO nanoparticle [@bib34].Table 1PropertiesDistilled waterCuO nanoparticleDensity ρ(kg/m^3^)997.16500Specific heat C~p~(J/kg.K)4179540Thermal conductivity k (W/m.K)0.61318Dynamic Viscosity μ(N.s/m^2^)0.001003--Mean diameter (nm)29

In this analysis, the coolant under consideration is taken as single phase medium, the entry temperature of coolant is 20 °C and the temperatures are maintained constant to achieve the equilibrium conditions.

### 2.1.3. Numerical analysis {#sec2.1.3}

The modelling of channel heat sink is done and meshed by using CFD software ANSYS Fluent v12. The type of the element is Aluminium. The total number of elements and nodes for a channel heatsink is 278989 and 70181 respectively. The accuracy of the CFD is yielded by enhancing mesh quality. [Fig. 2](#fig2){ref-type="fig"} shows the meshing of channel heatsink bottom view, top view, and the channel of heat sink using ANSYS computational software.Fig. 2Computational meshes for a channel heatsink, (a) bottom view, (b) top view, (c) channel.Fig. 2

The SIMPLE (Semi-Implicit Method for Pressure-Linked Equation) algorithm has been used to solve the momentum equations in terms of velocity and pressure. In this numerical investigation, CuO/water nanofluid is used as the coolant in the channel heat sink.

The governing mass, momentum, and energy Eqs. [(1)](#fd1){ref-type="disp-formula"}, [(2)](#fd2){ref-type="disp-formula"}, [(3)](#fd3){ref-type="disp-formula"}, [(4)](#fd4){ref-type="disp-formula"}, and [(5)](#fd5){ref-type="disp-formula"} are written as follows for the incompressible, laminar and steady-state fluid flow \[[@bib35], [@bib48]\]:

Continuity equation:$$\frac{\partial u}{\partial x} + \frac{\partial v}{\partial y} + \frac{\partial w}{\partial z} = 0$$

Momentum equation [@bib22]:$$\rho_{f}\left( {u\frac{\partial u}{\partial x} + v\frac{\partial u}{\partial y} + w\frac{\partial u}{\partial z}} \right) = - \frac{\partial\rho}{\partial x} + \mu_{f}\left( {\frac{\partial^{2}u}{\partial x^{2}} + \frac{\partial^{2}u}{\partial y^{2}} + \frac{\partial^{2}u}{\partial z^{2}}} \right)$$$$\rho_{f}\left( {u\frac{\partial v}{\partial x} + v\frac{\partial v}{\partial y} + w\frac{\partial v}{\partial z}} \right) = - \frac{\partial\rho}{\partial y} + \mu_{f}\left( {\frac{\partial^{2}v}{\partial x^{2}} + \frac{\partial^{2}v}{\partial y^{2}} + \frac{\partial^{2}v}{\partial z^{2}}} \right)$$$$\rho_{f}\left( {u\frac{\partial w}{\partial x} + v\frac{\partial w}{\partial y} + w\frac{\partial w}{\partial z}} \right) = - \frac{\partial\rho}{\partial z} + \mu_{f}\left( {\frac{\partial^{2}w}{\partial x^{2}} + \frac{\partial^{2}w}{\partial y^{2}} + \frac{\partial^{2}w}{\partial z^{2}}} \right)$$Where ρ~f~ is the density and μ~f~ is the dynamic viscosity of the nanofluids and p is the pressure of the coolant.

Energy equation for nanofluids [@bib35]:$$\rho_{f}C_{p,f}\left( {u\frac{\partial T_{f}}{\partial x} + v\frac{\partial T_{f}}{\partial y} + w\frac{\partial T_{f}}{\partial z}} \right) = K_{f}\left( {\frac{\partial^{2}T_{f}}{\partial x^{2}} + \frac{\partial^{2}T_{f}}{\partial y^{2}} + \frac{\partial^{2}T_{f}}{\partial z^{2}}} \right)$$Where T~f~ is the temperature of the coolant, C~p~,~f~ is the specific heat, and K~f~ is thermal conductivity of distilled water.

The calculation for Reynolds number (*Re*), heat transfer coefficient, Nusselt number, friction factor and thermal resistance is given by Eqs. [(6)](#fd6){ref-type="disp-formula"}, [(7)](#fd7){ref-type="disp-formula"}, [(8)](#fd8){ref-type="disp-formula"}, [(9)](#fd9){ref-type="disp-formula"}, [(10)](#fd10){ref-type="disp-formula"}, [(11)](#fd11){ref-type="disp-formula"}, and [(12)](#fd12){ref-type="disp-formula"}

Reynolds number (*Re*)is calculated based on the hydraulic diameter and volume fractions of nanoparticles for channel heatsink respectively [@bib49].

Reynolds number is defined as:$$\mathit{Re} = \rho U_{m}D_{h}\ /\mu$$

Heat transfer rate is calculated by$$Q = m_{w}Cp_{w}\left( {T_{wout} - T_{win}} \right)$$

The average heat transfer coefficient h~ave~:$$h_{ave} = \frac{Q}{A_{h}\Delta T_{m}}$$

The average Nusselt number is defined as [@bib50]:$$Nu = \frac{h_{ave}D_{h}}{k}$$

The friction factor through the heatsink is defined as [@bib50]$$f = \frac{2D_{h}\Delta p}{\rho u^{2}L}$$

The thermal resistance of the channel heatsink is calculated by$$R_{th} = \frac{T_{\max} - T_{\min}}{q}$$Where T~max~ and T~min~ are the maximum and minimum temperatures observed in the channel heatsink respectively.

Pumping power PP is directly proportional to the mass flow rate and pressure drop and is found from [Eq. (12)](#fd12){ref-type="disp-formula"}.$$PP = \Delta pQ$$

Similarly the thermos-physical properties of the nanofluid such as thermal conductivity (k~eff~), density (ρ~eff~), heat capacity (C~p~,~eff~), and dynamic viscosity (μ~eff~) are calculated using the proposed correlations which are defined as following Eqs. [(13)](#fd13){ref-type="disp-formula"}, [(14)](#fd14){ref-type="disp-formula"}, [(15)](#fd15){ref-type="disp-formula"}, and (16) [@bib50]:

Density [@bib50]:$$\rho_{eff} = \left( {1 - \varphi} \right)\rho_{f} + \varphi\rho_{p}$$

Heat capacity [@bib50]:$$C_{p,eff} = \frac{{{\left( {1 - \varphi} \right)\left( \rho C_{p,f} \right)}_{f} + \varphi\left( \rho C_{p} \right)}_{p}}{\rho_{nf}}$$

Effective dynamic viscosity [@bib50]:$$\mu_{eff} = \frac{\mu_{f}}{\left( 1 - \varphi \right)^{2.5}}$$

Thermal conductivity [@bib50]:$$k_{eff} = \frac{k_{p} + \left( {n - 1} \right)k_{f} - \left( n - 1 \right)\varphi\left( k_{f} - k_{p} \right)}{k_{p} + \left( {n - 1} \right)k_{f} + \varphi\left( k_{f} - k_{p} \right)}k_{f}$$Where K~p,~ K~f~ and k~efff~ are thermal conductivity of nanoparticles, base fluid and nanofluid respectively. Also, n is the empirical shape factor. For spherical nanoparticles, the empirical shape factor is 3 (n = 3).

2.2. Grid independence test {#sec2.2}
---------------------------

In this work, four grids have been generated for the channel heat sink to investigate the grid independence and validate the precision of numerical solutions. The four nodes such as 66288, 68666, 77396, and 98486 which are used to calculate the heat transfer coefficient with respect to Reynolds number. The obtained results shows that there is a very small difference between the grid with nodes 77396 and others. Therefore, in this study the grid with nodes 77396 has been used to achieve the results. [Fig. 3](#fig3){ref-type="fig"}, shows the results of grid independence test.Fig. 3Grid independence test analysis.Fig. 3

3. Results and discussion {#sec3}
=========================

The channel heat sink model with a coolant such as water and CuO/water nanofluids is analyzed by CFD simulations. The results are obtained for the three different volume concentrations such as φ = 0.25%, φ = 0.5% and φ = 0.75%. The heat transfer coefficient, Reynolds number, Nusselt number, thermal resistance, friction factor, power consumption and reliability for a given volume fractions of nanoparticles are discussed and compared the results with water.

3.1. Validate analysis {#sec3.1}
----------------------

The numerical calculation results are validated with the experimental data as shown in [Fig. 4](#fig4){ref-type="fig"}. The data for heat transfer coefficient of the sink under consideration is is 2% deviation from the experimental data. The variation of the heat transfer coefficient with respect to the function of different volume flow rate for a hydraulic diameter of channels is shown in [Fig. 5](#fig5){ref-type="fig"}.Fig. 4Comparison of numerical results with experimental data.Fig. 4Fig. 5Variation of Heat transfer coefficient with Reynolds number.Fig. 5

The graph shows that the average heat transfer coefficient increases with respect to Reynolds number. Kumar et al. [@bib51] numerically examined the cooling performance of an electronic chip with different fin thickness and length by using ANSYS --Fluent (v12). The results revealed that the heat transfer rate of water is 9.5%, and 1.4% greater than air and engine oil at the same Reynolds number.

It is observed that the heat transfer characteristic of the channel heatsink is improved by an increase of inlet velocity. It is found that the heat transfer coefficient of φ = 0.25%, φ = 0.5%, φ = 0.75% CuO/water nanofluids are 25%, 43% and 57% higher than the water respectively. The improved heat transfer coefficient is due to the higher thermal conductivity of nanofluids and the presence of more nanoparticles in the base fluids. Here, the maximum heat transfer coefficient is occur at 0.75% nanofluids.

[Fig. 6](#fig6){ref-type="fig"} is obtained from design expert 11 software, it shows the 3D graph effects of heat transfer coefficients with respect to volume flow rate and Reynolds number. Similarly, [Fig. 7](#fig7){ref-type="fig"}, the contour diagram of heat transfer coefficients to show the maximum and minimum value. Heris et al. [@bib52]numerically investigated the convective heat transfer of Al~2~O~3~/water, CuO/water and Cu/water nanofluids in a square cross-section duct. The results revealed that the Nusselt number is enhanced by increasing the concentration and decreasing the size of nanoparticles. The enhancement of Nusselt number is 77%, 68% and 59% for Cu/water, CuO/water and Al~2~O~3~/water nanofluids respectively at 4.0% volume concentration and at the size of 10nm.Fig. 63D graph of heat transfer coefficient.Fig. 6Fig. 7Contour diagram of heat transfer coefficient.Fig. 7

[Fig. 8](#fig8){ref-type="fig"} shows the variations of Nusselt number as a function of Reynolds number with different volume concentration of CuO/water nanofluids in the channel heatsink. It is found that use of CuO/water nanofluids in the channel heatsink improves the heat transfer characteristics. This graph also shows that by increasing the volume concentrations (0.25%, 0.5%, and 0.75%) of nanofluids the Nusselt number increases. It is examined that higher the Reynolds number, higher the Nusselt number (Nu) and the Nusselt number are found to be 25 %, 43 %, and 56% higher than water for 0.25%, 0.5%, and 0.75% of CuO/water nanofluids respectively. This is because of more convective heat transfer current.Fig. 8Variations of Nusselt number with Reynolds number.Fig. 8

The important factor utilized in semiconductor heat dissipation is the thermal conduction which the reverse of thermal resistance to study the overall heat transfer performance. The thermal resistance measurement is the indication of input power give to the channel. [Fig. 9](#fig9){ref-type="fig"}, presents the relationship between the Reynolds number and the thermal resistance with the volume concentrations of 0.25%, 0.5%, and 0.75% of CuO/water nanofluids. From this figure, it can be interpreted that higher Reynolds number has a lower thermal resistance in the channel heatsink. The reason for decreasing the thermal resistance is due to the higher velocity when Re is higher. This higher fluid velocity reduces the thermal resistance between been the fluid particles with the MWCNTs and higher concentration nanofluids has more thermal conductivity. This results the more thermal transportation and this is inversely interrelated to the convective thermal resistance.Fig. 9Thermal resistance versus Reynolds number.Fig. 9

It is observed that the higher volume concentrations of CuO/water nanofluids have lower thermal resistance than water. In addition, the thermal resistance of the channel heatsink using CuO/water nanofluid with a nanoparticle volume concentrations of (0.25%, 0.5%, and 0.75%) is increased from 6% to 13% as compared to that of using water. As shown in [Fig. 10](#fig10){ref-type="fig"}, the friction factor of nanofluid in the channel heatsink decreases with increasing Reynolds number. This is because the friction factor and velocity have an inverse relationship, therefore, the friction factor reduces by increasing the Reynolds number. It is observed that φ = 0.25% nanofluid has lower friction factor than φ = 0.5% and φ = 0.75%. This is due to the presence of less solid nanoparticle in the water.Fig. 10Variation of friction factor versus Reynolds number.Fig. 10

Heris et al. [@bib53] investigated the pressure drop and performance characteristics of Al~2~O~3~/water and CuO/water nanofluids in a triangular duct under constant heat flux and laminar flow. They proposed the pressure drop increases by 35% with an increase of volume fraction of nanoparticles in comparison with the base fluid.

The inlet velocity of water flows in the channel heat sink is shown in [Fig. 11](#fig11){ref-type="fig"}. The volume flow rate of inlet water and nanofluids is 0.02 m/s to 1 m/s. It is evident that the temperature of the fluid at the exit of the channel is decreased by increasing the inlet velocity. It is clear from [Fig. 12](#fig12){ref-type="fig"} that the wall temperature reduces significantly by using the coolant. It is observed that the highest heat transfer rates are identified for each concentration at the highest Re.Fig. 11Inlet velocity flow of water in the heatsink.Fig. 11Fig. 12Change of Wall temperature using coolant.Fig. 12

3.2. Cooling versus power dissipation {#sec3.2}
-------------------------------------

The one of the most important factors in VLSI design circuits is the power dissipation. It is because of power consumption, reliability, and process speed are highly interconnected. Power dissipation is calculated by equation [@bib17]$$T_{j} = \ T_{a} + R_{th{({j - a})}} \ast P$$Where T~a~ is the ambient temperature, T~j~ is the junction temperature, R~th(j-a)~ is thermal resistance between junction and ambient temperature and P is power dissipation. It is well known that the chip power consumption and temperature are circular dependence between them. However, the fact that electronic chip may reach thermal runaway condition at extreme temperature.

[Fig. 13](#fig13){ref-type="fig"}, shows the relationship between power dissipation and temperature in the channel heatsink. The graph shows that the power dissipation of a semiconductor is decreased when the coolant is used. It is found that the power dissipation are 3%, 6%, and 8% lower than water for 0.25%, 0.5%, and 0.75% of CuO/water nanofluids respectively. [Fig. 14](#fig14){ref-type="fig"}, shows the contour diagram of power dissipation with respect to thermal resistance and ambient temperature. Power consumption is reduced when the thermal resistance is decreased. It leads to the reliability of semiconductor when coolant is used in the channel sink.Fig. 13Power dissipation of heat sink with respect to temperature.Fig. 13Fig. 14Contour diagram of Power dissipation of heatsink.Fig. 14

3.3. Cooling versus reliability {#sec3.3}
-------------------------------

The reliability of semiconductor is based on the calculation of the failure rate [@bib54]. The failure of a semiconductor is mostly associated with overheating and subsequent burning. Reliability of semiconductor is designed by considering the temperature. Some of the failure mechanism that affect the life time of the semiconductors are oxide defects, corrosion, and photoresist and charge injection. The failure rate, Acceleration Factor, failures in time, MTTF (Mean Time to Failure) for reliability calculation is given by Eqs. [(18)](#fd18){ref-type="disp-formula"}, [(19)](#fd19){ref-type="disp-formula"}, [(20)](#fd20){ref-type="disp-formula"}, [(21)](#fd21){ref-type="disp-formula"}, and [(22)](#fd22){ref-type="disp-formula"}. Failure Rate (λ) in this model is calculated by dividing the total number of failures or rejection by the cumulative time of operation [@bib54].$$EDH = D \ast H \ast A_{f}$$WhereD = Number of Devices TestedH = Test Hours per DeviceA~f~ = Acceleration Factor resultant from the Arrhenius equation

The Failure Rate (λ) per hour is shown by [@bib54]:$$\lambda_{hour} = \frac{r}{D \ast H \ast A_{f}} = \frac{r}{EDH}$$Where: r = number of failures or rejects.

The Acceleration Factor (A~f~) is derived from the Arrhenius equation and given by [@bib54]:$$A_{f} = e^{\frac{E_{a}}{k}}\left( {\frac{1}{T_{use}} - \frac{1}{T_{test}\ }} \right)$$WhereE~a~ = Activation Energy (eV) of the different failure mode.K (Boltzmann\'s Constant) = 8.617 × 10^−5^eV/°K.T~use~ = Use Temperature (standardized in°K)T~test~ = Test Temperature (HTOL temperature in °K)eV = electron volts.

FIT (Failures in Time) is a typical diligence value defined as the Failure Rate (λ) per billion hours.$$FIT = \lambda_{FIT} = \lambda_{hours} \ast 10^{9}$$

MTTF (Mean Time to Failure) is given by [@bib54]:$$MTTF_{hours} = \frac{1}{\lambda_{hours}}\ or\ MTTF_{years} = \frac{1}{\left( {\ \lambda_{hours} \ast 24 \ast 365\ } \right)\ }$$

[Fig. 15](#fig15){ref-type="fig"}, shows the variation of failure rate of the semiconductor versus temperature in the channel heatsink. The graph shows that the reliability of a semiconductor using CuO/water nanofluids is improved. It is found that the failure rate is 69%, 76%, and 84% for 0.25%, 0.5%, 0.75% of CuO/water nanofluids in channel heat sink and failure rate is smaller than water. The higher reliability of semiconductor using CuO/water nanofluids is simply because of effective cooling of the semiconductor with more thermal conductivity CuO nanofluids.Fig. 15Failure rate versus temperature.Fig. 15

4. Conclusions {#sec4}
==============

In this research work, the thermal performance of a semiconductor using channel heat sink is investigated numerically with a different volume fraction of nanofluids such as φ = 0.25%, φ = 0.5%, φ = 0.75% of CuO/water nanofluids and water by using ANSYS--Fluent (v12). It is observed that higher the Reynolds number, higher the Nusselt number (Nu) and found to be 25%, 43%, and 56% higher than water. It is found that the thermal resistance and friction factor decrease when increasing nanoparticle concentration and with Reynolds number. This is may be due to higher thermal conductivity of CuO/water nanofluids and the random movement of nanoparticles. Also studied that the heat transfer coefficient increases by 25%, 43% and 57% for 0.25%, 0.5%, and 0.75% of CuO/water nanofluids respectively than the water. The reason for this improvement is due to less thermal resistance and effective mixing of nanoparticles in the base fluids which carries more heat. The power dissipation of an electronic chip with channel heat sink is decreased up to 8.09% when using volume fraction (φ = 0.75%) of CuO/water nanofluids than the water and deteriorate of failure rate of semiconductor by 69%, 76%, and 84%. The contribution to the reliability improvement is that there is no sudden change in temperature which leads to give the reduced thermal stress when nanofluids are supplied.
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